Acute and chronic nicotine exposure reverse age-related declines in the induction of long-term potentiation in the rat hippocampus.
Long-term potentiation (LTP) is widely considered to be the cellular substrate of learning and memory. The induction of LTP becomes more difficult with age in parallel with declining learning and memory ability. Because nicotine improves learning and memory in aged rats, we examined the effects of acute and chronic nicotine exposure on age-related declines in LTP induction. We found that acute nicotine exposure lowered the threshold for LTP induction in the aging hippocampus. The effect of nicotine was mimicked by the alpha7 nicotinic acetylcholine receptor (nAChR) antagonist methyllycaconitine and blocked by the non-alpha7 nAChR antagonist dihydro-beta-erythroidine, suggesting that both nicotine-mediated desensitization of alpha7 nAChRs and activation of non-alpha7 nAChRs contribute to the nicotine effect. The non-alpha7 nAChR agonist A85380 that facilitates the induction of LTP in the young hippocampus had no effect, however, suggesting that at least one pathway involving non-alpha7 nAChRs was altered by aging. Chronic nicotine treatment of aged rats also lowered the threshold for LTP induction and acute nicotine exposure lowered the threshold further in the chronic-nicotine-treated aged hippocampus. These results not only suggest that the mechanisms mediated by acute and chronic nicotine exposure are different, but also demonstrate that age-associated declines in LTP induction can be reversed with nicotine treatment.